T hrombocytosis in children is either attributed to intrinsic dysregulation of megakaryocytic proliferation and platelet production, known as primary thrombocytosis or develops in the context of other diseases (called secondary or reactive thrombocytosis). Secondary thrombocytosis is more common and is associated with iron deficiency anemia, infection, chronic inflammatory disorders (including inflammatory bowel disease), tissue injury, drugs, and certain neoplasms. 1 The incidence of secondary thrombocytosis is highest in neonates and infants and generally, declines with age. 2 On the other hand, primary thrombocytosis is rare and occurs in two settings: essential thrombocythemia (ET) and familial thrombocytosis (FT). 1 A subset of patients with ET harbor a mutation in the Janus Kinase gene ( JAK2), while in FT there is a mutation in thrombopoietin gene (TPO) or in its receptor (c-MPL) that leads to constitutive activation. 3 
C A S E R E P O RT
In 2007, a two-year-old female child was incidentally found to have isolated thrombocytosis on hemogram test. She was healthy, and there was no history of thrombocytosis in her parents or siblings. Secondary causes of thrombocytosis were excluded. High platelet count persisted on follow-up visits, while white blood cell count and hematocrit level were normal. Initial bone marrow examination showed unremarkable morphology and both JAK2V617F and BCR-ABL1 mutations were negative by polymerase chain reaction on peripheral blood.
The patient did not receive therapy until the age of four when she was initiated on a once-daily aspirin 100 mg. However, after a few months, she complained of headache and her platelets count increased progressively from 600 000 to 1 100 000/L within two months. Treatment was switched to hydroxyurea (35 mg/kg four times per week), and her platelets count normalized. She was followed-up on a monthly basis over a period of six years. Her clinical course was significant only for two episodes of minor skin bruises, epistaxis, and one event of mild elevation of liver enzymes that was attributed to hydroxyurea. Her dose was lowered, and the patient remained symptom-free.
In 2015, at the age of 10, her platelet count increased again. A second bone marrow specimen 
A B S T R AC T
Essential thrombocythemia (ET) is a myeloproliferative neoplasm that occurs mostly in patients above the age of 50 years. Its incidence in children is very rare, with around 100 cases reported in the literature. High-risk patients are defined by previous life threatening major thrombotic or severe hemorrhagic complication or age > 60. Those patients probably benefit from cytoreductive therapy. On the other hand, antiplatelet drugs are recommended for patients with low risk group. Although rare, ET should be considered in the differential diagnosis of persistent thrombocytosis in children, even at a very young age. A constellation of clinical, pathologic ,and molecular testing are essential for diagnosis. Given the rarity of these cases, there is currently no consensus for treatment guidelines in children, especially in asymptomatic patients. We describe a case of a twoyear old girl who presented with unexplained, isolated thrombocytosis which persisted for eight years. Bone marrow biopsy demonstrated typical features of ET. Over the course of the disease, hydroxyurea, but not aspirin, showed better control of symptoms and lowered the platelets level.
showed megakaryocytic proliferation [ Figures 1  and 2] , with typical features of ET, such as naked megakaryocytic nuclei [ Figure 3 ] and nuclear hyperlobation [ Figure 4 ]. Repeat JAK2 and BCR-ABL1 mutation studies were negative. Hydroxyurea dose was increased to 35 mg/kg daily, and patient compliance was assured.
Her platelet count de crease d and remained between 600 000-700 000/L. No hepatosplenomegaly was detected during the entire course of the disease.
D I S C U S S I O N
ET is a chronic myeloproliferative neoplasm that primarily involves the megakaryocytic lineage, characterized by sustained thrombocytosis (> 450 000/L) in peripheral blood, increased numbers of large mature megakaryocytes in the bone marrow, and clinical episodes of thrombosis and/ or hemorrhage. The diagnosis requires the absence of significant increase or left-shift of neutrophil granulopoiesis or erythropoiesis, no meeting of World Health Organization criteria of polycythemia vera, primary myelofibrosis, BCR-ABL1+ chronic myelogenous leukemia, myelodysplastic syndrome, other myeloid neoplasms, and no evidence of reactive thrombocytosis. 4 Hence, ET is a diagnosis of exclusion, and many clinical diseases must be ruled out before establishing the diagnosis. The incidence of ET is estimated to be 0.6-2.5 per 100 000 per year and most patients are between 50-60 years old. 4 The incidence in children is rare, estimated to be 1 per 10 million, 5 with around 100 cases reported in the literature. 6 ET is associated with a point mutation in JAK2V617F ( JAK2) gene in around half of adult cases, thrombopoietin receptor (c-MPL) in 3-5% or calreticulin (CALR) genes. 4 However, this association is less frequent in children, suggesting an alternative mutational pathway, or even questions the clonal nature of most ET cases in children. 5 Clinically, the median age of presentation of ET in children is eight years (range six months to 16 years). The majority of patients are asymptomatic at presentation. Headache and epistaxis are the most common symptoms. Children with ET are reported to have a lower risk of major vascular complications compared to adults, with a rate of 11.1-13.0%, which is correlated with the presence of clonal mutations and/or very high platelet count. A major bleeding event is also rare and was not described in two major series. Symptoms or even thrombotic events might develop without an excessively high platelet count. Platelets function is characteristically abnormal in ET, and the median count ranges between 1 100 000-1 700 000/L. Splenomegaly is present in around one-third of the patients. 6, 7 Typical bone marrow morphologic features include normal cellularity for the age and megakaryocytic proliferation, where megakaryocytes are abnormally large, mature with hyperlobated nuclei. 4 However, as in the initial biopsy in our patient, the megakaryocytes in pediatric ET are often morphologically unremarkable, and it is unclear whether the status of JAK2 mutation affects morphology. 6 Thus, the normal bone marrow morphology does not rule out ET in children, and a follow-up biopsy may confirm the diagnosis and evaluate disease progression. Both myeloid and erythroid lineages are unremarkable, and the stroma shows no or little reticulin fibrosis. 4 The rate of progression to bone marrow fibrosis or transformation into acute leukemia is rare in children. 8 Survival of ET at all age groups is not different from an age-and gender-matched normal population in the first 15 years after diagnosis. In adult patients, risk factors for major complications are age > 60 years and previous history of thrombosis. Other proposed risk factors include the presence of cardiovascular disease, leukocytosis, and positive JAK2 mutation, while extreme thrombocytosis (≥ 1 000 × 10 9 /L) is associated with bleeding tendency. Clinical studies have shown that cytoreductive therapy reduced the rate of thrombosis and platelets count, and aspirin is useful in low-risk patients. However, the reliability of this guideline for pediatric patients is less clear, and children with ET should receive conservative management. Aspirin is given in the setting of microcirculatory symptoms or thrombosis, but is contraindicated when platelets count is > 1 500 000/L, if there was a previous bleeding episode, or at very young age due to the rare but calamitous possibility of Reye syndrome. Cytoreductive drugs should be used only as a last resort. Hydroxyurea (starting dose 15 mg/ kg per day) is well-tolerated, effective in lowering platelets count and thrombotic events and carry little risk of leukemic transformation with long-term use. Other suitable agents include interferon alpha and anagrelide with variable response. Our patient was considered low-risk during the entire course of the disease. Adding aspirin did not prevent symptoms of microcirculatory disturbance, while hydroxyurea was beneficial in reducing platelets count and preventing major complications over six years. Adjusting the dose and assuring compliance were important points during management. 9, 10 C O N C LU S I O N ET is a rare cause of thrombocytosis in the pediatric population. The diagnosis and management can be challenging. Compared to adults, ET in children is characterized by normal or little morphologic abnormality in megakaryocytes, less frequency of clonal mutations, lower vascular complications, and longer disease duration. It may be reasonable to use specific risk stratification for children to guide management, though further studies are needed to confirm risk factors that are specific for children.
